Some repeating sequences were identified from Pseudomonas syringae strains in the neighboring region of their hrp genes cluster. This sequence was located at the left side of the hrpL region, lacking a terminal inverted repeat at one end. P. s. pv. actinidiae also had two repeating sequences at the left side of the hrpL region. One of them is similar to IS1240.
INTRODUCTION
A large number of repeating sequences, insertion sequences (IS) and transposons have been identified from prokaryotic and eukaryotic cells. They exist with various number of copies and in different locations in a cell.
Transposons take part in control of gene expression. They sheared genetic information by insertion of themselves into structural genes, resulting in the failure of expression of the coded phenotype19, 25) .
In another instance, transposons are inferred to play a role in transfer and replication of genes. Transposons have the structure of some genes between the IS or terminal inverted repeats on both ends which enable transposition and replication into the other regions. Likewise, the genomic region between the IS or repeating sequence was thought to transpose on the genome18, 25) .
Scattering of these elements on the genome predicts that they may play a crucial role in gene cluster rearrangements by homologous recombination. Causing disease on susceptible plants and eliciting hypersensitive response (HR) on nonhost plants are controlled by hip genes. The hrp genes cluster has been identified from several gram-negative phytopathogenic bacteria1, 4, 5, 14, 22 
RESULTS

Sequence analysis
of repeating region from P. s. pv. maculicola (Psm) When the 6-kb Hind III fragment on the left outside of the hrpL homology region of Psm strain PMC8301 (Fig.  1 ) was used as a probe, genomic Southern hybridization against PMC8301 gave a ladder pattern (Fig. 2, lane 15) . Sequence analysis of the 6-kb Hind III fragment and a homology search through DDBJ revealed that a part of this fragment contains significant homology with IS5 isolated from E. coli6,20) over ca. 850 bp. This region, named ISPSMD (Fig. 3) , lacks a terminal inverted repeat in one side. Another cosmid clone containing the homologous sequence but independent from the hrp cluster was isolated from the genomic library of Psm. Sequence analysis of the clone demonstrated that this element was 1188 by long and had a 15-bp terminal inverted repeat on both sides. This region, named ISPS-MC (Fig. 3) , showed 96.9% and 59.3% homology with ISPSMD and IS5, respectively. Comparison of both sequences suggested that the sequence neighboring hrpL lacks ca. a 220-bp sequence, containing a terminal inverted repeat and part of the deduced transposase (Fig. 3) . In addition to their homology to IS5, the search of the DDBJ data base also revealed significant homology with IS 52 from P. s. pv. savastanoi25), IS1052 from X. campestris pv. dieffenbachiae3), tnpA gene near pheB gene on the plasmid pEST1226 of Pseudomonas sp. EST100113) and a neighboring region of the coronatine synthetase genes on the plasmid from P. s. pv. glycinea23). The amino acid sequence of the deduced transposase has 51% homology between 155 and ISPS-MC. Particularly, a highly homologous region has more than 80% homology (Fig. 4) .
Genomic Southern hybridization analysis using ca.
570-bp CIaI-SacI fragment from ISPSMC as a probe was performed against P. syringae and X. campestris strains.
No homologous signals were detected in X. campestris strains. Many strains of P. syringae showed homology in which hybridization signal strength and the number of bands varied significantly (Fig. 5a ). Sequence analysis of repeating region from P. s. pv. actinidiae (Psa) When the 3-kb and 4.5-kb Hind III-BamHI fragment on the left outside of the hrpL homology region of Psa strain KWll (Fig. 1) were used as probes, genomic Southern hybridization analysis against KW11 gave a ladder pattern (Fig. 5b, lane  22 ; Fig. 5c, lane 22) . Sequence analysis of the full length of the 3-kb fragment and partial length of the 4.5-kb fragment and a homology search through DDBJ suggested that the 3-kb fragment did not contain significant homology with any already-known IS, transposon or repeating sequence but showed 86.5% and 55.6% homology to the neighboring region of the alk gene from P. oleovorans24) (Fig. 6 ) and the neighboring region of the outer membrane protein gene from P. fluorescens8) (data not shown). This region is provisionally named H.A.N., which stands for homology to alk gene neighboring region of P. oleovorans. On the other hand, a part of the 4.5-kb fragment showed significant homology with IS1240 isolated from P. S. pv. tomato10) (Fig. 7) . This IS-like region is provisionally named ISPSA. The DNA sequence has 85.1% homology between ISPSA and IS51240.
Genomic Southern hybridization analysis using these fragments as the probes was performed against P. syringae strains. Many strains of P. syringae showed homology in which hybridization signal strength and the number of bands varied significantly (Figs. 5b and 5c ). Primer pairs for PCR amplification were designed from sequences of H.A.N. and ISPSA (Figs. 6 and 7) . Results of genomic Southern hybridization analysis using PCR products as the probes were in accord with results using the 3-kb and 4.5-kb fragments.
Sequence analysis of avrPphE from P. s. pv. phaseolicola (Psp) strain NPS3121 Mansfield et al. previously reported17) that Psp strain Lane numbers correspond to numbers in Table 1 . For position of probe see Fig. 1 .
1302A has the avrPphE gene on the left outside of hrpL (Fig. 1) . Psp strain NPS3121 has a homologous region to avrPphE but does not elicit HR in a soybean line containing the R2 gene. Clones containing the avrPphE homologous region were picked from the genomic library of the Psp strain NPS3121 and sequenced. Sequence analysis of the region corresponding to avrPphE appeared that a 104-bp fragment was inserted at the near end of the avrPphE gene. This inserted fragment is homologous to the end of the IS5 family containing a 15-bp terminal inverted repeat and target sequence (Fig.  8) numbers might reflect the duration of its existence in the cells. The 3-kb fragment of Psa, which is located on the left outside of hrpL gene, made a ladder pattern by genomic Southern hybridization analysis when this fragment was used as a probe. The part of this fragment named H.A.N. has homology to the neighboring region of the alk gene from P. oleovorans, which has 51.5% homology to IS8707) identified from Agrobacterium tumefaciens. Therefore, this region may be an IS-like element.
Psp has the avrPphE gene on the left outside of the hrpL gene where IS or a repeating sequence of Psm and Psa are located. The avrPphE region from Psp strain NPS3121 has a 104-bp insertion near the end of the gene.
Mansfield et al. reported that the avrPphE gene elicits HR in a soybean line containing the R2 gene17). NPS3121 does not elicit HR. Our sequence analysis suggested that the insertion might silence the avrPphE gene in NPS3121. This result makes us speculate that expression of some pathogenicity genes might be controlled by the insertion of transposable elements.
A deleted IS-like element and fragment of IS isolated from Psm and Psp, respectively, contain the target sequences of the IS-like elements. The ISs, therefore, might be inserted into these regions at first, then be partially deleted later. The cause of the deletion of these elements may predict recombination, translocation or the like.
This study suggests that genetic insertions and rearrangements may occur frequently on the hrp-flanking region although the hrp genes cluster is a highly conserved region. The IS elements and repeating sequences may be involved in a genetic modification of the genome. Interestingly, we find repeating sequences on the right side of the consecutive hrp and avrE homologous regions (manuscripts in preparation). This fact indicates that the hrp genes cluster is sandwiched between repeating sequences, which suggests that the cluster may behave as a single movable element similar to a pathogenicity island9). Further evidence of structural similarity between the hrp genes cluster and a pathogenicity island is under investigation.
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